New water-based nanofluids including unparalleled milk protein α-lactalbumin hollow nano-bio-tubes using low cost, available and advanced partial chemical hydrolysis strategy in bottom-up nano-assembly have been employed in this work. The aqueous sol-gel chemistry in nanotechnology which we selected for this goal offers new fabrication as interesting smart protein nanotubes. The kinds of nanometer sized tubular structures such as waved, helically coiled, bent, bamboo-shaped, bead-like and branched single-walled protein nanotubes (SWPNTs) with a range of 3 -8 nm in outer diameters were produced by this method. Complete characterization for natural produced nanotubes including SEM, TEM images, G bond and D bond in Raman spectroscopy, XRD patterns, DLS (Dynamic Light Scattering) and FTIR analysis were evaluated which they are most significant experiments in synthesized protein nanotubes soluble in clear water nanofluids and stabilization of transparent nanofluids was proved within more than one year after preparation. Various necessary ligand ion salts such as Mn 2+ , Zn 2+ and Ca 2+ or mixtures as bridge makers and producing biological self-assembly hollow SWPNTs were performed and we focused on new chemical technology under specific acidic hydrolysis method not conventional enzymatic proteolysis and applying surfactants, pH reagent, Tris-HCl buffer, polar solvent which could be produced by β-sheet stacked hydrolysed protein α-lactalbumin mechanism under appropriate conditions to achieving high efficiency new protein nanotubes skeleton. They can be promising materials applied in food science, diet nutrition, nanomedicine, nano-biotechnology and surgery.
Introduction
Besides widespread advancements in synthesis of nanotubes from non-biological materials (mainly carbon nanotubes) attempts to mimic the ingeniously natural bottom-up nanofabrication with the aim of achieving the design and synthesis of man-made natural nanotubes, open the door to a new technology of important applications in the scope of nanobiotechnology. Natural bimolecular assemblies exhibit the selectivity and specificity which can adopt a wide variety of structures that perform an array of functions, and finally they are based on various chemistries (nucleic acids, peptides and proteins, lipids, and carbohydrates) that promote self-assembly in water at neutral pH and ambient temperatures [1] . On the road to these emerging opportunities, proteins represent fertile territory for nanobiotechnology, because they have properties ideal for nano-engineering purposes [2] .The building blocks self-assemble and in the presence of ion Ca 2+ salt bridges connect the individual building blocks, resulting in a hollow structure that previously, the kinetics of nanotube formation has been studied as a function of Ca 2+ concentration. The most important functional properties of whey proteins are solubility, viscosity, gel formation, emulsification, foaming, and like many other albumins, the capacity to form nanoparticles (Mehravar et al., 2009) [3] and (H. Hernandez-Sanchez et al., 2012) could obtain nanoparticles of bovine α-lactalbumin α-LA products in the 100 to 200 nm size range so that they could be used as carriers of bioactive compounds [4] . Proteins also are the fundamental building blocks of all biological matter that exhibit such finesse in architectural design [5] . In just one reviewin 2006, J. F. GravelandBikker, et al., succeeded to create and synthesis novel alpha-lactalbumin (a α/β globular milk protein) nanotubesvia enzymatic proteolysis in presence of Bacillus licheniformis protease (BLP) for the first time which selfassembled into nanometer-sized tubular structures at appropriate conditions. Linear assemblies such as rod, fiber and tube-like structures are particular interest, because they have unique properties with respect to applications [6] and these findings represent important characteristic for the development of a nanotechnological application. Proteins and peptides can be synthesized by chemical or biological means. In this regard S. Banta et al. in 2007 researched about engineering of protein and peptide building blocks for nanotechnology usage [7] and the interactions that lead to the formation of these structures include chiral dipole-dipole interactions, π-π stacking, hydrogen bonds, nonspecific Van der Waals interactions, hydrophobic forces, electrostatic interactions, and repulsive steric forces [8] . Biological molecules such as peptides and proteins undergo self-assembly processes in vivo and in vitro, and these monomers are assembled into various nanometer-scale structures at room temperatures and atmospheric pressure [9] . The self-assembled protein and peptide nanostructures can be further organized to form various nanowires, nanotubes, and nanoparticles via their molecular-recognition functions. It seems that, the most special feature of α-lactalbumin protein nanotubes is due to its cavities and hollow cores. Because of their cavities, they could well serve as vehicles for drug or other encapsulated molecules such as vitamins and enzymesand also for doping of diverse ligand ions like Fe, Mn, Ca and Zn melts encapsulated in diet nutrition. During the headway of this research authors perceived that the unique stupendous linear self-assembly of α-lactalbumin building blocks in specific nanofluids using chemical hydrolysis and sol-gel matrix derived nanomaterials along with the matchless power of self-assembly can create thermodynamically stable nano-bio-tubes and rods products [10] [11] [12] . This strategy also represents low cost example of bottom-up assembly and chemistry is entering the field of nanoscale science which is originally physics-oriented. This interesting well-orchestrated mechanism offers obvious advantages as the smart protein nanostructures as well as new authors' researches in this activated field. In this work we donot need touse any special catalyst, and we did not applyany enzymatic proteolysis [13, 14] system and these green obtained protein nanofluids were fabricated by chemical sol-gel method as nanofluids in water solutions using bovine α-lactalbumin protein as precursor which hydrolyses under various conditions which it is a platform on nanomedicine. They showed very clear and stable protein cylinder nanotubes after one year, confirmed by DLS measurement and TEM images.
Experimental Details

Materials
Bovine holo α-Lactalbumin (L6010) Sigma, Tris hydroxyl methyl aminomethane, acetyl acetone (acac), urea, citric acid, HCl 37%, Triethanolamine (TEA), calcium chloride (2H 2 O), manganese chloride (4H 2 O), zinc acetate, pure isopropyl alcohol. All chemicals were supplied from Merck, and domestic deionized water was obtained in this work.
Methods
Sample 1) The mixture of acacas nonionic surfactant, 10 ml isopropyl alcohol, 10 ml deionized water, 0.5 -2 mg MnCl 2 ·4H 2 O as connector and 0.5 -2 mg protein α-lactalbumin was adjusted to acidic pH 2 -3 using citric acid 1 M, HCl 2 M and urea 1 M solutions. The reaction solution was held in shaking water bath (Grant, OLS 200 from U.K.) at 42˚C with 60 -80 rpm during 1 -2 weeks and then was filtered using 0.1 μl filter paper diameter (Millipore company). Finally the filtrate solution was held at 42˚C during one week again and was kept at 4˚C in refrigerator about 8 h (the consideration of acidic pH, Mn 2+ ion metal at 42˚C).
Sample 2)
The mixtures of nonionic acac, isopropyl alcohol in deionized water were maintained at alkaline pH with aid of TEA (triethanolamine) as cationic surfactant and Tris-HCl buffer (pH 8 -9, 75 mM) solutions. Then 100 μl from this solution with 100 μl of 0.5 -2 mg protein α-lactalbumin dissolved in deionized water were mixed and eventually 0.001 -0.005 mg of zinc acetate salt[Zn(CH3COO) 2 ]as metal ion salt was added. It was kept during 2 -3 days in incubator at 37˚C and was stored at 4˚C for 3 days (alkaline pH, Zn 2+ ion at 37˚C).
Sample 3)
First of all, we should prepare the mixture of 3-5ml nonionic cacac with 20 ml isopropyl alcohol in deionized water. This precursor would be able to regulate in final neutral pH by urea 1M solution (pH controllerreagent) and Tris-HCl buffer (pH 8 -9, 0.075 M) solution (Tris hydroxyl methyl amino methane a cationic surfactant) with mild stir up. Then ion salts solution of MnCl 2 ·4H 2 O or CaCl 2 ·H 2 O as the self-assembly essential stimulant motor was added to them. In the end of work, 0.5 -2 mg protein α-lactalbumin solution was mixed. This product was kept between one-two weeks in shaking water bath at 42˚C and 60 -80 rpm (mixed Mn + Ca ions, alkaline pH, at 42˚C). Sample 4) 5 -7 ml urea (1 M) with 4 ml isopropyl alcohol and 4 ml deionized water were mixed well together. After adding protein α-lactalbumin and MnCl 2 ·4H 2 O the pH of solution adjust in final alkali pH by 0.075 M Tris hydroxyl methyl amino methane. The obtained reaction solution was incubated at 37˚C between one or two weeks and then transferred to 4˚C for almost one day (alkaline pH, Mn 2+ ion, 37˚C, without acac). Sample 5) Chemical hydrolysis solution was designed and prepared for use of 10 ml isopropyl alcohol, 0.075 M Tris-HCl buffer (pH 7.5), acac (acetyl acetone) and 4 -6 ml one molar urea solution, the pH was adjusted (6.0 to 7.5). 200 μl of this stock solution was added to 200 μl from 0.5 -2 mg protein α-lactalbumin solution. Then MnCl 2 ·4H 2 O as a ligand forming ion metal was added, and the hydrolysis reaction was performed. The final solution was incubated for 3 -5 days in incubator at 37˚C and stored at 4˚C in one day (neutral pH, Mn 2+ ion, 37˚C).
Sample Preparation for Transmission Electron Microscopy (TEM)
Final solusions were taken into Ultrasound for 5 -10 min, then 15 µL of the samples were placed on carbon coated grids with help of micropipet and be allowed to air-drying. Examination was done using a Philips TEM CM 120.
Results and Discussion
SEM, TEM, XRD, Raman, DLS and FTIR Characterizations for Protein Nanotubes
Natural milk protein nanotubes characterized by SEM images and nanotubes morphology was observed and TEM pictures showed actually diameter of these nanotubes. XRD pattern indicated special structures according standard card and Raman spectroscopy investigated D and G bonds for exclusive nanotubes. Repeatability and stability of synthetic nanotubes structures in transparent water based solution was confirmed byqualitative dynamic light scattering (DLS) analysis and distribution size curves after long times from making. Doping of divalent ions-bridging between specific amino acids and carboxyl groups and finally the special vibrational bands for milk protein nanotubes are so considered by FTIR spectroscopy.
Characterization of Single Walled Protein Nanotubes Sample 1
In combined Figure 1 SEM 
Characterization of SWPNTs Sample 2 by SEM and TEM
SWPNTs (4 -6 nm) for sample 2 was illustrated in Figure 2 through SEM images of regularly bent during growth which are able to display the breaking of very thin film layers in boundary of nanofluids and exposured nano products from down over up. TEM images of branched products confirmed nearly 4 -6 nm diameters for single-walled protein nanotubes.
In this important evidence, we can suggest the sharp G-bond and broad D-bond in limited ranges in Figure 3 , because they can be different of pure carbon nanotubes (CNTs) and pure protein too.
Characterization of Beaded SWPNTs Sample 3 in Mixtures of Mn + Ca and Urea
We could prove that this product was kept stable after 3 months, by repetition of its Raman spectroscopy. (a) SEM, (b) TEM, (c) XRD(Seifert, Germany, 3003 PTS) and (d) FTIR were shown in Figure 4 . SEM and TEM images confirm the existence of very nice PNTs products soluble in nanofluid with diameter of (6.5 -7.5) nm for SWPNTs. The XRD pattern of PNTs showed max intensity d 100 plane in 21.5˚ (2θ) and another one in 70.73˚ (2θ) which is similar to CNTs. These results have made the Raman spectrumsuch a good tool to characterize PNTs that could prove these proofs. G-bond indicated at limited ranges between 1590.18 cm −1 (strong), 1427.01 cm −1 (short), and D-bond was seen as a - 
Containing Various Concentrations
The ein nanotube search are about the production iameters. X weak bond at 1368.97 cm −1 (Figure 5(e) ). All of these eaks have shifts related to CNTs. We volume. On the other hand, the size distribution of these p same peaks after 3 months in Raman spectroscopy (Figure 5(f) -1 can be assigned to stretching vibration of C-O-C groups or specific of CNTsPNTs [17] . It was found that all of these PNTs vibrational modes have depicted fewer amounts of replacement frequencies and shifts in infrared spectra in comparison of CNTs.
Dynamic Li
4˚C, and these documents are very remarkable in performance of them.
Representati
Nanotubes of Product 3 Figure 7 shows schematic pictures of some PNTs nano of product 3. (a) the eviden thesis and (b) physical transparency phenomenon after more than 11 months (one year) maintaining in 4˚C.
Characterization of SWPNTs Sample 4 of Urea Reagent
other final characterizations of natural prot s (NPNTs) in this re of single walled NPNTs for sample 4 which was shown in Figure 8 . Bead-like nanotubes were fabricated by chemical hydrolysis including urea concentrations and alkaline pH value. The diameter of nanotubes was determined by TEM characterization in Figure 8(b) .
SEM was measured at 37˚C as narrow cylinder nanotubes of protein. TEM was shown this claim in d
RD pattern determined all diffraction peaks which could be indexed in the protein nanotubes (PNTs) and also it compared with XRD of pure protein. The max sharp intensity for PNTs and broad pure protein curve were obtained in 22.17 (2θ) and 25 or 29.70 (2θ) respectively [18] . The strong and sharp peaks indicated that product has had good crystallinity. G-Bond (1515.03 cm ) were also confirmed by Raman spectroscopy for these rolling amino acids nanostructures at 37˚C. It seems that these new characterization are especial for PNTs. FTIR spectroscopy (d) is as well as sample 3 contains very sharp absorption at 564.22 cm −1 for in organic metal ion in PNTs structure.
The prepared protein nanofluids of product 3 can b tained higher than 10 -11 months (one year), wh it was confirmed as only qualitative manner by DLSmeasurement. Furthermore, Figure 6 shows three curves which they were measured by Nano-ZS Malvern system, (a) displays the size distribution by number in which 100% of these nanotubes have diameter of 5.48 nm, (b) the curve of size distribution by intensity that can help us determine the diameter size of 6nm for 78% intensity with 0.8 nm width, and finally (c) shows size distribution by volume in which total of nanotubes have shown the diameter sizes of 5.75 nm with 0.97 nm width into 100% , another graphitic materials are sharp and strong when the is highly crystalline, while disordered graphites a -sharp absorption amide band (C=O) was seen at 1671.67 -1628.49 cm −1 which they attribute to protein structure, and finally the special short peaks at 587.65 -522.48 and 469.40 cm −1 that they can be assigned to inorganic ligand metal Mn 2+ and perfect PNTs nanostructures. The XRD pattern (d) shows max intensity phase d 100 in 22.5˚ (2θ) with relatively sharp and strong peak, the other peaks at 37, 46, and 71˚ contain very low intensities, which imply and prove nanofine of nanotubes products. Raman spectrum (e) can be consider as doublet feature G-bond at 1565.01 -1418.97 cm −1 ranges which was produced from the high degree of symmetry and order of carbon materials. They were generally used to identify well-ordered CNTs [19] . Generally the intensity of the E g modes of bons show a feature around 1353.13 cm −1 as singlet short D-bond. On the other hand, the single peak at 1353.13 cm −1 might come from symmetry-lowering effect or defect effect in new products.
The Proposed Formation Mechanism of Protein Nanotubes
Based on our difficult experiments in Lab., we found the optimum useful concentrati tures and aging time for achievement of only va morphologies of protein nanotubes. Our sugg thod should be able to hydr olysis innanoemulsion environment in atmospheric pressure.
nanoemulsions for produced protein units that they canSelf-assembly phenomena binds head-to-tail of building blocks together, then they turn laterally self-assemble to y enzymatic proteolysis and without ecial and traditional catalysts in synto high temperatures for the first time sioned to have immense applications, especially for pre-7-Glu-X) of peptide bonds, then amino acids and carboxylates ions were degraded by chemical hydr thermo dynamically reach to the lowest free energy. and Fe 2+ or mixed of them can induce tubular self-assembly of partially hydrolysed α-lactalbumin and the molar cation ratio determines which one is faster than the other. Our aims are to do nucleation and growth mechanism towards helical regular structures. Apparently, they all possess a structural element that is required for helical self-assembly. Ions size ligands and coordination number are likely to play an additional role, the ion is required to act as a connector between two building blocks via a salt bridge. Then Ca 2+ ion has a high affinity for the wellknown (primary) Ca 2+ binding site and stabilizes the native conformation upon binding and a secondary binding site was located 0.8 nm away from the primary binding site [20] . The folding and subsequent assembly of polypeptide chains reaction between the molecules is believed to be the sum of β-sheet stacking involving Hbonds (β-sheet) and Ca 2+ ion bridges between specific carboxylates and amino acids, fixing the molecules in the right orientation in the assembly [21] . Reliance on magic power of self-assembly, actually we just provide specific conditions via chemical hydrolysis and surfactants in make two-dimensional arrays that twist to form hollow cylindrical filaments, with a diameter of about 3 -8 nm single walled nanotubes and finally stacking of ringshaped cyclic peptide subunits leads to protein nanotube formation [6] . Of course, it may have been made nanoparticles, nanorods, and many others shape, but we try to sophisticate and elaborate our proposal towards formation nanotubes [22] .
Conclusion
Single-walled natural milk protein nanotubes including new morphologies were fabricated by a chemically direct rolling process that achieved in this work along with high efficiency, low cost and control ability over chemically sol-gel method, not b using individual sp thesis and any need (in comparison with ordinary CNTs). These synthetic natural nanotubes with the property of multiple-responsiveness to temperature, pH, formulation of nanofluid, ligands binding, surfactants and aging time are envi-paring new medicine nanofluids or nutritional drugs containing clear water-based solutions consist of various Ca 2+ , Zn 2+ and Mn 2+ ions in food science and pharmaceutics. So there are important points using Mn 2+ and (Mn 2+ + Ca 2+ ) at different pH that are able to produce helically coiled and bead-like nanotubes shapes in samples 1 and 3 (pH is major) and the effect of annealing times at two pH indicated very influence factors in formation of bottom-up structures in samples 4 and 5 ( annealing time is important). The Zn 2+ metal ion at alkaline pH could provide low yield branched production in sample 2.
